OBJECTIVE: To document the height, weight, BMI and prevalence of obesity for Eskimo residents of four villages of the Bering Straits Region of Alaska. DESIGN AND SUBJECTS: 454 Non-pregnant residents over 24 y of age, with at least one Eskimo grandparent participated in one cross sectional survey within each village. MEASUREMENTS: Height, weight, calculation of BMI (kgam 2 ), proportion of`overweight' (BMI 25 ± 29.9), and proportion of`obese' (BMI !30). RESULTS: For women and men, respectively, mean heights were 153.4 and 165.2 cm; weights were 64.2 and 71.6 kg; and BMI were 27.2 and 26.2 kgam 2 after age standardization. For women, 27.9% were overweight, and 32.8% were obese compared with 36.2% and 15.6%, respectively, for men. Alaskan Eskimo participants of the Alaska Siberia Project had a signi®cantly lower proportion of total overweight (BMI !25, 54.9% for women, and 32.0% for men) compared with the three sites of the Strong Heart Study, which ranged from 65.9 to 80.2% for women and 53.6 to 66.7% for men. Compared with American men of all races, the proportion of overweight and obese participants was similar for Eskimo men. The proportion of obese was signi®cantly higher for Eskimo women compared with American women of all races, but the proportion of overweight was similar. CONCLUSION: Although the prevalence of obesity among the Alaskan Eskimos is lower than for American Indians, the high proportion of overweight observed in this study is of concern for Alaskan Eskimo adults, especially for women.
Introduction
Data on height and weight of Eskimo people are scarce. Such information is important in the evaluation of health status of populations, particularly with respect to obesity-related conditions such as diabetes and other cardiovascular disease risk factors. There is evidence that the prevalence of diabetes, obesity, and heart disease mortality are increasing among Alaskan Eskimos. 2 ± 4 Height, weight and obesity in populations are affected by nutrition, changes in culture and lifestyle factors. Documentation of these variables is useful to understand the changing patterns of health conditions over time, and is vital to construct public health approaches for the prevention of obesityrelated conditions.
Obesity af¯icts many aboriginal groups of North America and the Paci®c rim. 5 ± 9 As Westernization changes diet and lifestyles in these groups, a pattern of increasing obesity and chronic disease prevalence has appeared. Adoption of non-traditional lifestyles by Eskimo people has been recent and rapid, 10 ± 12 but little detailed data on height, weight, and obesity in this population has been published in the past 25 y. The objectives of this study were to document height and weight, BMI and the prevalence of obesity for Eskimo residents of four villages in the Bering Straits Region of Alaska.
Methods
This portion of the Alaska Siberia Project (ASP) was a cross-sectional survey of four villages in the Bering Straits Region of northwestern Alaska conducted in April ± May 1994. This project was modeled after the design and methods of the Strong Heart Study with some modi®cations. Village councils were consulted about the proposed study as was the Board of the Norton Sound Health Corporation, which provides direct health care and other related services to Native residents of the region. Enthusiastic support led to the selection of four villages of approximately the same size (about 550 individuals). These villages were selected to include the three major ethnic groups in the area. Each village largely represents one ethnic group, which included Inupiat, Central Yupik and Siberian Yupik ethnic groups.
The data are presented for the three groups of Eskimo subjects that were represented by this project Alaska's indigenous people, numbering 85,698 in the 1990 census, can be divided into three main population groups: Eskimo, Indian and Aleut. These ethnic groups are further subdivided by geographic region of inhabitance, as well as characteristics of linguistics and culture. Among the Eskimo, the Inupiaq (Inupiat) Eskimos inhabit the northern and northwestern coastal regions, the Yupik Eskimos live in the southwestern regions (Central Yupik), and the St Lawrence Island Eskimos (Siberian Yupik) inhabit St Lawrence Island, which is in the Bering Strait, between the coasts of Alaska and Siberia. The Athabaskan Indians reside in the interior of the state, and the coastal Indians (Tlingit, Haida and Tsimshian) inhabit southeastern coastal Alaska. The Aleuts include residents of the Aleutian Islands, the Pribilof Islands, and the western tip of the Alaska Peninsula, the Kodiak area, and the coastal regions of south-central Alaska.
The protocol for data collection was tested in a pilot study among residents of one Siberian Yupik village which took place in September 1992. 13 ± 15 In 1994 the participation was low in this village due to many men being temporarily away hunting, and the fact that the second screening was perceived as unnecessary by residents who had previously participated. The data from this and one other Siberian Yupik village were combined due to the relatively poor participation in this village, and the fact that two villages are very close geographically, are of the same ethnic group, and share food and other resources.
All village residents 25 y of age and older that were present in the village during the week of screening (except pregnant women) were invited to participate by the principal investigator, SOEE, during a personal interview. In analysis, eligible subjects were limited to individuals who were at least one-quarter Eskimo, which was determined by the ethnicity of the participant's grandparents as reported in the screening clinic interview by the participant. Also if absent at the time of the screening, a resident of the village was considered eligible if heashe had been absent from the village (by report of family members) for less than 6 months. Separate lists of the name, birth date and gender of all adult residents were provided by the Center for Disease Control (CDC), and by the local health board, which were compared, and from which information on participation could be derived. All methods for this project were approved by the institutional human subjects review boards of the Alaska Native Medical Center, the Public Health Service, the University of Alaska, and the Johns Hopkins University.
On the ®rst day of screening, subjects were visited at home for a dietary interview (data not presented). After an overnight fast, participants attended a diabetes and cardiovascular disease screening clinic, which included anthropometric measurements. Height and weight were measured with subjects in underwear without shoes. Weight was measured to the nearest quarter pound using a standard lever balance with an attached extendible arm for height measurement. The same balance was used with each subject in all villages. For the height measurement in the Siberian Yupik villages, the subject stood¯at footed with the heels touching the back edge of the scale, the subject's head was positioned, and the ruler arm was lowered to the top of the subject's head. The height of the subject was measured to the nearest quarter of an inch. In the other two villages the arm did not arrive with the balance, precluding its use in measuring height. A tape measure was secured to the wall next to the balance. The subject's feet were¯at with heels touching the wall, and a ruler was used in the place of the arm. The positioning of the head was the same. A recorder watched the positioning of the head and ruler while the measurer read the measurement from the tape.
Body mass index (BMI) was calculated by dividing the weight of the subject (in kilograms) by the height (in meters) squared (Quetelet's index). Both overweight and obese categories are described as de®ned by the World Health Organization, 1 and the National Heart Lung and Blood Institute (NHLBI) Obesity Education Initiative. 16 The overweight category includes all subjects with a BMI greater than or equal to 25, but less than 30. Obese includes all subjects with a BMI greater than or equal to 30.
All statistical calculations were performed using the SAS statistical package (Cary, NC). Ethnic group and gender differences were assessed in separate models via analysis of covariance tests with age entered ®rst as a continuous variable, followed by either gender or ethnicity entered as an independent variable. All interaction terms were explored. A multiple comparisons test, Tukey's HSD, was used to make conservative estimates of differences between ethnic groups. For statistically signi®cant differences according to this test the P value is noted as 0.05. The associations of the proportion of overweight and obese subjects with gender and ethnic group were evaluated by the chi-square test after direct age standardization to the age distribution of the NHANES III genderspeci®c study participants. 17, 18 Mean BMI, and proportion of overweight and obese were compared for Alaskan Eskimo (ASP 1994, all ethnic groups) and American all races (NHANES III)
Obesity, height and weight, Alaskan Eskimos PM Risica et al after direct age adjustment to the age distribution of NHANES III data. 17, 18 t-Tests were calculated to compare mean BMI for each gender separately, and chi-square tests were calculated to compare proportions of overweight and obese. Chi-square tests were also calculated to compare the proportions of overweight by gender between the Strong Heart Study subjects of different geographic locations and the Alaskan Eskimo subjects of ASP. No age adjustment was performed for this comparison, as age-speci®c proportions of overweight were not available for the Strong Heart Study. Also in accordance with published Strong Heart Study data, criteria for overweight were de®ned according to the NHANES II 18 85th percentile for subjects 20 ± 29 y of age, which is a BMI of 27.3 for women and 27.8 for men.
Results
Of the 497 eligible men and 402 eligible women, 214 men (43%) and 240 women (60%) participated in the screening clinic. 19 The percentage of eligible residents that participated in the screening clinic was 69% among the Central Yupik, 55% among the Inupiat, and 44% among the Siberian Yupik people. Participation was higher for the older age groups with 66% of those !45 y and 41% of those`45 y participating. The participation in the group of subjects 75 y old and older was high (74%), but included only 31 individuals. Overall, 89% of the participants reported that all four grandparents were Eskimo, and only one was less than half Eskimo based on self-reported grandparent ancestry. As compared to the screening clinic alone, a higher proportion, 51% men and 66% women, participated in some portion of the overall study, which included a dietary interview the previous day.
Mean height, weight and BMI for each gender and ethnic group are presented in Table 1 . The mean height for both genders was greatest among the Inupiat followed by the Siberian Yupik participants. The shortest mean statures were found among the Central Yupik. All ethnic differences in height were statistically signi®cant for women, while for men only the difference between the mean heights of Inupiat and Central Yupik participants was statistically signi®cant. After standardization of the age distribution, Inupiat men averaged 6.0 cm taller than Central Yupik men, while Inupiat women averaged 4.6 cm taller than Central Yupik women.
The greatest mean weights for men and women were found among the Inupiat participants. Inupiat men and women averaged about 10.7 and 7.1 kg heavier than Central Yupik men and women, respectively, which reaches statistical signi®cance for both genders. Inupiat women were also signi®cantly heavier than the Siberian Yupik women.
Mean BMI was signi®cantly higher among Inupiat men compared to Central Yupik subjects. No signi®-cant differences in mean BMI were found for women of the three ethnic groups. The prevalence of overweight and of obese for both genders was not signi®cantly different between ethnic groups. All values are standardized using the direct method to the age distribution reported for NHANES III. 18 Data were standardized to the gender-speci®c age distributions separately. In ethnic group comparisons, statistical signi®cance re¯ects regression after entry of age into a linear model, and is equivalent to P`0.05 by Tukey's HSD. Speci®c ethnic differences are noted as follows: c signi®cant difference between Central Yupik and Siberian Yupik participants; *signi®cant difference between men and women (P`0.0001); **difference between men and women (P 0.0563); Â signi®cant difference between ASP all ethnic groups and American all races (NHANES III; P 0.0071).
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For all ethnic groups together, men were on average 11.8 cm taller than women, and were 7.4 kg heavier than women after age standardization. Women overall had a signi®cantly higher BMI than men (27.2 vs 26.2) after age standardization. Also, a lower proportion of women had a BMI between 25 and 30 (27.9%) compared with 36.2% for men (P 0.056), but a considerably higher proportion of women were obese with a BMI greater than 30 (32.8%) compared with 15.6% for men (P 0.0001).
Compared with Americans of all races, Alaskan Eskimo women averaged higher BMI and proportion of obese, but a similar proportion of overweight subjects after age standardization (see Table 1 ). Alaskan Eskimo women averaged 27.2 kgam 2 BMI, and 32.8% severely overweight compared with 26.2 average BMI, and 25.0% severely overweight for American women of the NHANES III study. Alaskan Eskimo subjects were similar to American men of all races in average BMI (26.2 kgam 2 for both studies) and in proportions of overweight and obese.
Alaska Native participants of the ASP exhibited a signi®cantly lower prevalence of overweight than American Indian subjects of all Strong Heart Study sites (for each gender P`0.0001 for chi-square, d.f. 3; see Figure 1 ). For women, the proportion of overweight for 45 ± 74-y-old subjects was 54.9% compared with 65.9 ± 80.2% for Strong Heart Study subjects. Also, 32.0% of older Alaskan Eskimo men were overweight compared with 53.6 ± 66.9% of male participants of the Strong Heart Study.
Discussion
Inupiat people tend to be taller and heavier than Central Yupik people, which was documented in earlier studies, 20, 21 and con®rmed by this survey.
The observed differences between ethnic groups in height and weight could be either of genetic or environmental origin. Availability of traditional foods varies by village. For example, reindeer meat is frequently consumed in the Inupiat village, salmon is more frequently consumed in the Central Yupik villages, while Siberian Yupik villagers commonly eat whale meat and blubber. Despite these differences many traditional foods eaten, such as seal, walrus, summer greens, and berries are common to the four villages.
Differences in socioeconomic status between villages may also exist, although they are dif®cult to measure, and were not measured in this study. Higher cash income may result in increased motorized transportation (eg snowmobiles, fuel) and more non-native foods bought from the local store. Such differences in diet and activity have been documented by Rode and Shephard in a comparison of Inuit of the Canadian Arctic with nGanasan of Northern Siberia. 22 The relative in¯uences of dietary intake and physical activity on body fatness in Alaska Natives have not yet been reported.
Comparison of overweight prevalence was made for this study, and the three Strong Heart Study sites 23 ( Figure 1 ). The appropriateness of this comparison might be questioned due to the differences in age distribution for the two groups of study participants. However, instead of decreasing the differences between the two populations, a more exaggerated difference might have been observed between ASP and the Strong Heart Study groups if age standardization was possible. The Strong Heart study subjects were heavily represented by the youngest age groups, with about 50% of participants in the 45 ± 54 y-old group, compared with 35% for the ASP. As weight and BMI increase with age for most Americans 18 and for Alaska Natives in this project, a lower proportion of younger subjects would have increased the proportion of subjects with a BMI that meets the criteria for`overweight'.
The observations of lower overweight for Alaskan Eskimos compared with other Native Americans are in contrast to the comparisons made between this project and a more general American population (Table 1) . Compared to American men of all races, the Eskimo men in this study averaged similar mean BMI, and proportion of overweight and obese compared with American men of all races. Eskimo women, however, averaged higher mean BMI (P`0.05), a similar proportion of overweight, and a higher proportion of obese (P`0.001) than American women of all races.
Although the limitations of BMI as a measure of body fatness are well recognized, it is generally used as a diagnostic criteria for obesity. In a recent expert consensus, the WHO has recommended its use to de®ne obesity prevalence in populations. 1 Differences between ethnic groups have been documented in the association of BMI with body fat content by comparison with more precise tools of Figure 1 Percentage of participants that meet the criteria for overweight' by gender (®lled squares for men, shaded squares for women). Strong Heart Study sites are North DakotaaSouth Dakota, Oklahoma and Arizona. 23 Overweight was de®ned according to the NHANES II.
18 85th percentile for subjects 20 ± 29 y of age, which is a BMI of 27.3 for women, and 27.8 for men. Chi-square statistics were signi®cant (P`0.0001) for both men and women separately.
Obesity, height and weight, Alaskan Eskimos PM Risica et al measurement of body fatness. A comparison of White and Asian Americans found that, while White subjects had a higher mean BMI, Asian subjects had higher body fat content as measured by Dual Photon Absorptiometry. 24 Ortiz found that Black women have greater bone density and larger muscle mass than White women, 25 and BMI did not represent body fatness well in these cross ethnic studies. Caution must be used when discussing the prevalence of obesity', as the implications of higher BMI in Alaskan Eskimos have not yet been determined. However, some observations can be made within the acknowledged limits of the data.
Obesity in other populations is a well-demonstrated risk factor for diabetes, heart disease and many other chronic conditions, as have been extensively reviewed elsewhere. 26 ± 30 Welty detailed the health implications of obesity for American Indians and Alaska Natives, which include diabetes, cardiovascular disease and hypertension among other maladies. 31 For Alaska Natives speci®cally, both Murphy et al 2 and this project 19 have demonstrated an association of BMI with glucose intolerance.
This study is limited by the less than desirable participation of some sub-groups of the population. Less than 50% of the eligible men and of people less than 46 y old attended the screening clinic, although a higher proportion participated in either the dietary or medical screening. Some men were reportedly away from the village while actively hunting, which may have biased the sample of men to represent more sedentary, less active residents. With more representative participation, the comparisons between genders, American all races data, and the Strong Heart Study might have been even more exaggerated, with an even lower mean BMI and proportion of overweight and obese for men. Participation for this project for subjects over 45 y was also similar to that reported for the Strong Heart Study. 23 Although extensive data are not yet available for this population, it is possible that obesity will have similar negative health implications for Alaskan Eskimos as for other populations. The distribution of fat throughout the body, and the level of body fatness as compared with some known threshold are other determinants that may be at least as important as BMI, or body fatness in predicting disease risk for Alaska Natives. However, body fat distribution and not total body fat is the most important determinant of metabolic abnormalities associated with obesity. There is also evidence that different races have different risk and metabolic alterations at any given level of fatness and waist-to-hip ratio. 32 The high proportion of overweight observed in this study is of concern for Eskimo adults, especially for women. Obesity and overweight are associated with deleterious effects on morbidity and mortality for many populations of the world. 28 ± 31 For the Eskimo people of the Bering Straits region, overweight and obesity certainly have been identi®ed in this project.
Further investigation into the risks associated with overweight and obesity are warranted.
